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Abstract 

The environmental consequences of expanding global trade networks have intensified the need for 

sustainable supply chain strategies. Increasing regulatory pressures, stakeholder awareness, and 

international climate commitments require firms to balance economic efficiency with 

environmental responsibility. Artificial Intelligence (AI) has emerged as a strategic technological 

capability capable of transforming supply chain operations through predictive analytics, intelligent 

automation, and real-time optimization. This paper develops an original conceptual framework 

explaining how AI-driven optimization strengthens environmental sustainability and enhances 

green trade competitiveness. Drawing on strategic management and sustainability theories, the 

study positions AI as a core organizational capability that reduces carbon emissions, improves 

resource utilization, and enhances compliance with global environmental standards. The paper 

concludes with managerial and policy recommendations relevant to emerging economies. 
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1. Introduction 

1.1 Background 

Globalization has significantly expanded international trade networks, integrating production and 

distribution across borders. While this expansion has enhanced economic growth, it has also 

intensified environmental externalities such as carbon emissions, resource depletion, and logistical 

inefficiencies. Sustainable Supply Chain Management (SSCM) has therefore become a strategic 

priority for firms seeking long-term competitiveness. Artificial Intelligence provides advanced 

analytical and predictive capabilities that allow firms to improve efficiency while reducing 

environmental impact. AI technologies facilitate real-time data processing, demand forecasting 

accuracy, route optimization, and emissions monitoring. The integration of AI within supply 

chains offers a pathway to align economic performance with environmental sustainability, 

especially in the context of green trade policies. 

1.2 Need for the Study 

The rapid expansion of global trade networks has significantly increased the complexity of supply 

chains, making them more vulnerable to environmental, economic, and geopolitical disruptions. 

While globalization has improved production efficiency and market accessibility, it has also 

intensified carbon emissions, resource depletion, waste generation, and ecological imbalance.  
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Therefore, this study is necessary to: 

 Bridge the theoretical gap between AI optimization and sustainable supply chain management. 

 Provide a structured conceptual framework linking AI capabilities with green trade outcomes. 

 Offer insights for policymakers and industry practitioners seeking to align digital 

transformation with climate goals. 

 Contribute to the broader discourse on AI & Society by examining how technological 

innovation can promote responsible and sustainable economic globalization. 

1.3 Objectives of the Study 

To analyse the role of Artificial Intelligence in global supply chain optimization. 

To examine the relationship between AI adoption and environmental sustainability performance. 

To evaluate the impact of sustainable supply chain practices on global trade competitiveness. 

To develop a conceptual framework integrating AI optimization with green trade strategy. 

 

2. Review of Literature 

The literature on Artificial Intelligence (AI), sustainable supply chain management (SSCM), and 

global trade has evolved significantly over the past two decades. However, much of the research 

remains compartmentalized, examining technological advancement, environmental sustainability, 

and trade competitiveness as distinct areas. This section synthesizes key theoretical and empirical 

contributions to establish the foundation for an integrated AI–Green Trade framework. 

2.1 Artificial Intelligence in Supply Chain Management 

AI has emerged as a transformative force in supply chain management by enhancing forecasting 

accuracy, operational efficiency, and real-time decision-making. Studies highlight the application 

of machine learning algorithms in demand forecasting, predictive maintenance, warehouse 

automation, and transportation routing.  

2.2 Sustainable Supply Chain Management (SSCM) 

The concept of SSCM integrates environmental, social, and economic dimensions into supply 

chain operations. The triple bottom line approach underscores the importance of balancing 

profitability with ecological stewardship and social responsibility.  

2.3 AI and Environmental Sustainability 

Recent interdisciplinary studies explore the intersection of AI and sustainability. AI-enabled 

analytics can monitor energy consumption, optimize transportation routes to reduce fuel usage, 

and predict maintenance needs to prevent resource wastage. 

2.4 Global Trade Competitiveness and Green Trade 

Green trade refers to the integration of environmental considerations into international commerce. 

Increasingly, global markets demand compliance with sustainability standards, carbon disclosure 

norms, and eco-label certifications.  

2.5 Theoretical Foundations 

The theoretical underpinnings of this study draw from: 

 Resource-Based View (RBV): AI capabilities can be viewed as strategic resources that 

provide sustained competitive advantage when they are valuable, rare, inimitable, and 

organizationally embedded. 

 Dynamic Capability Theory: AI enhances firms’ ability to sense, seize, and reconfigure 

resources in response to environmental and market changes. 

 Triple Bottom Line Theory: Sustainable supply chains balance economic growth with 

environmental protection and social responsibility. 
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 Institutional Theory: Regulatory pressures and global norms influence firms to adopt green 

technologies and sustainable practices. 

These theories collectively support the proposition that AI-enabled optimization can enhance 

environmental performance and trade competitiveness. 

2.6 Research Gap 

While extensive literature exists on AI-driven efficiency and sustainable supply chain practices 

independently, there is a noticeable gap in integrative frameworks that link AI optimization 

directly with green trade competitiveness. Most empirical studies focus either on operational 

performance metrics or environmental indicators without examining their combined influence on 

global trade outcomes. 

Additionally, emerging economies face unique challenges in adopting AI technologies due to 

infrastructural, financial, and skill constraints—an area insufficiently addressed in existing 

research. 

 

3. Research Methodology 

3.1 Research Design 

This study adopts a conceptual and exploratory research design aimed at developing an 

integrated framework linking Artificial Intelligence (AI) optimization with sustainable global 

supply chain performance and green trade competitiveness. Given the emerging nature of the 

intersection between AI, sustainability, and international trade, a theory-building approach is 

considered appropriate. 

The research does not rely on primary survey data; instead, it synthesizes existing theoretical 

models, empirical findings, and policy insights to construct a structured analytical framework. The 

methodology is grounded in qualitative interpretation and systematic literature integration. 

3.2 Nature and Sources of Data 

The study is based entirely on secondary data sources, including: 

 Peer-reviewed journal articles in supply chain management, sustainability, and AI domains 

 Conference proceedings related to AI & Society 

 International trade and sustainability policy reports 

 Industry white papers and ESG disclosures 

 Reports from global organizations such as WTO, UNCTAD, OECD, and World Economic 

Forum 

These sources were selected to ensure academic credibility, contemporary relevance, and 

multidimensional perspectives. 

3.3 Literature Selection Criteria 

The literature was selected using the following criteria: 

1. Publications from recognized academic databases and reputed journals. 

2. Studies published within the last 10–15 years to ensure contemporary relevance. 

3. Research addressing at least one of the three domains: 

o AI in supply chain management 

o Sustainable supply chain practices 

o Green trade or environmental competitiveness 

4. Theoretical contributions providing frameworks suitable for integration. 

3.4 Analytical Framework Development 

The conceptual framework was developed through theoretical synthesis, integrating insights 

from: 



 

 

JAMRSD | Volume No.: 05, Special Issue No.: 02(A), 2026 | ISSN: 2583-6404 

www.ijamrsd.com |  Journal of Advanced Multidisciplinary Research  | [20] 

                        Studies and Development 

 Resource-Based View (RBV) 

 Dynamic Capability Theory 

 Triple Bottom Line (TBL) Framework 

 Institutional Theory 

3.5 Method of Analysis 

The analysis follows a qualitative interpretative approach, structured as follows: 

1. Comparative examination of AI applications in logistics, forecasting, and inventory 

management. 

2. Thematic analysis of sustainability performance indicators. 

3. Conceptual mapping of AI capabilities to trade competitiveness outcomes. 

No statistical tools are applied, as the research objective is framework development rather than 

hypothesis testing. 

3.6 Scope of the Study 

The study focuses on: 

 Global supply chains involved in international trade 

 Environmental sustainability dimension (excluding detailed social impact metrics)  

 Strategic-level AI implementation rather than technical algorithmic analysis 

The geographical context is global, with implications particularly relevant to emerging economies 

participating in international markets. 

3.7 Ethical Considerations 

As the research is based on secondary data and publicly available sources, no human subjects were 

involved. Proper academic citation practices are followed to ensure intellectual integrity and 

originality. 

 

4. Analysis & Findings 

4.1 AI Capabilities and Operational Optimization 

The analysis indicates that AI significantly enhances operational efficiency across global supply 

chains through predictive, prescriptive, and autonomous decision-making systems. 

Key areas of optimization include: 

 Demand Forecasting: Machine learning algorithms reduce forecast errors, minimizing 

overproduction and excess inventory. 

 Inventory Management: AI-driven inventory control systems lower holding costs and reduce 

obsolescence-related waste. 

 Transportation & Routing: Intelligent route optimization reduces fuel consumption, transit 

time, and carbon emissions. 

 Warehouse Automation: Robotics and AI-enabled systems improve energy efficiency and 

reduce operational redundancy. 

 Risk Prediction: AI analytics support early identification of supply disruptions, improving 

resilience. 

4.2 AI and Environmental Sustainability Performance 

The study identifies environmental sustainability as a mediating variable between AI adoption and 

trade competitiveness. 

AI contributes to sustainability through: 

1. Carbon Emission Reduction: Optimized logistics and load planning reduce fuel usage. 

2. Energy Efficiency: Smart energy monitoring systems lower electricity consumption in 

warehouses and production facilities. 
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3. Waste Minimization: Accurate demand forecasting prevents surplus production and material 

wastage. 

4. Circular Supply Chains: AI enables reverse logistics management and resource recovery 

tracking. 

5. Transparency & Traceability: Blockchain-integrated AI systems enhance compliance with 

environmental standards. 

The analysis demonstrates that sustainability gains are not incidental outcomes but strategic results 

of intelligent system integration. Firms implementing AI with sustainability objectives experience 

improved environmental performance indicators. 

4.3 Moderating Factors 

The effectiveness of AI in promoting sustainable trade is influenced by contextual conditions: 

 Technological Infrastructure: Adequate digital infrastructure enhances AI performance. 

 Organizational Readiness: Skilled workforce and leadership commitment accelerate 

adoption. 

 Regulatory Environment: Strong environmental regulations incentivize AI-enabled 

sustainability. 

 Investment Capacity: High initial costs may restrict adoption in developing economies. 

These factors determine the magnitude and speed of sustainability gains. 

4.4 Key Findings 

Based on the analysis, the study identifies the following major findings: 

1. AI serves as a strategic enabler of sustainable supply chain transformation. 

2. Environmental sustainability acts as a critical bridge linking AI adoption with global trade 

competitiveness. 

3. Firms integrating AI with explicit sustainability objectives achieve dual benefits: ecological 

responsibility and economic advantage. 

4. Policy frameworks and institutional pressures significantly influence AI-driven green trade 

outcomes. 

5. Emerging economies must strengthen digital infrastructure to leverage AI for sustainable 

globalization. 

 

5. Limitations 

5.1 Conceptual Nature of the Study 

The research is primarily conceptual and theoretical in design. It does not include primary 

empirical data collection such as surveys, interviews, or case studies. As a result, the proposed AI–

Green Trade framework has not been statistically tested or validated using quantitative methods 

such as regression analysis or structural equation modelling. 

5.2 Dependence on Secondary Data 

The study relies exclusively on secondary data sources, including journal articles, policy reports, 

and industry publications. Although efforts were made to use credible and recent sources, the 

findings are influenced by the quality, scope, and interpretation of existing literature. 

5.3 Limited Sector-Specific Analysis 

The framework is designed at a general global supply chain level and does not provide detailed 

sector-specific insights (e.g., manufacturing, agriculture, pharmaceuticals, or e-commerce). 

Sustainability challenges and AI implementation levels may vary significantly across industries.  
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5.4 Geographic Generalization 

The analysis adopts a global perspective without focusing on specific countries or regional trade 

blocs. Differences in digital infrastructure, regulatory enforcement, economic development, and 

technological readiness may affect the applicability of the proposed framework in various national 

contexts. 

5.5 Technological Evolution 

AI technologies are rapidly evolving. The pace of innovation may alter operational capabilities, 

cost structures, and sustainability impacts over time. Therefore, the framework may require 

continuous refinement to remain relevant in future technological landscapes. 

 

6. Conclusion 

AI-enabled optimization represents a transformative pathway toward sustainable globalization. 

Organizations, policymakers, and trade institutions must recognize that digital transformation and 

environmental responsibility are not separate agendas but interconnected pillars of future-ready 

supply chain systems. By strategically integrating AI with sustainability initiatives, global trade 

can evolve into a more resilient, efficient, and environmentally responsible framework for 

economic development. 

 

7. Future Directions 

7.1 Empirical Validation of the Proposed Framework 

Future studies should empirically test the proposed AI–Green Trade framework using quantitative 

research methods. Researchers may employ survey-based data collection, case studies, or panel 

data analysis to examine the relationships among AI capabilities, environmental performance, and 

trade competitiveness.  

7.2 Sector-Specific Investigations 

Different industries experience unique sustainability challenges and technological adoption rates. 

Future research can explore AI-driven sustainable supply chains in specific sectors such as 

manufacturing, agriculture, pharmaceuticals, automotive, retail, and e-commerce.  

7.3 Cross-Country and Comparative Studies 

Comparative research across developed and emerging economies would enhance understanding of 

how infrastructure readiness, regulatory frameworks, and institutional pressures influence AI-

enabled sustainability outcomes.  

7.4 Integration with Emerging Technologies 

Future research should explore the integration of AI with complementary technologies such as 

blockchain, Internet of Things (IoT), digital twins, and big data analytics.  

7.5 Development of Sustainability Metrics and KPIs 

There is a need to develop standardized sustainability performance indicators specifically tailored 

for AI-enabled supply chains. Future studies may focus on designing measurable metrics for 

carbon reduction, energy efficiency, waste minimization, and circular economy integration within 

digital trade ecosystems. 
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